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ABSTRACT: In the last few decades, a considerable amount of effort was directed at accurately determining 
the coaVpillar strength to use for safely designing coal mines. The outcome of this early work was the well 
known Obert-Duvall, Holland-Gaddy, Bieniawski, and Salamon-Munro equations for coal pillar strength. All 
of these equations were developed for, and were calibrated with, pillars in a large room-and-pillar area such 
that the loadiig could be determined using the "tributary-area" theory. In order to account for the abutment 
loads associated with full-extraction mining, the empirical methods have typically adopted a simple 
conceptualization of the abutment load through use of an "abutment angle." Short of a complete numerical or 
analytical analysis of the coal seam and surrounding strata, very little work has been Fretted toward refining 
the empirical analysis of pillar loading. It appears that the vast majority of the research has been directed at 
determining the pillar strength, the numerator of the safety factor equation, when the denominator of the 
safety factor equation, the pillar loading, plays an equally important role in pillar design. This paper will 
address the deficit of pillar loading research by exploring the accuracy of the empirical abutment load 
calculations using insight provided by an elastic overburden model, a laminated overburden model and field 
observations. Ultimately, it is determined that a constant abutment angle probably over-predicts the abutment 
load as the mining depth increases. 
INTRODUCTION 
In the last few decades, a considerable amount of 
effort has been directed at accurately determining the 
coal pillar strength to use for safely designing coal 
mines. Some of the first scientific research in this 
area consisted of determining the relationship 
between coal strength and the shape and size of 
laboratory and field specimens (Gaddy 1956, 
Holland 1964, Obert & Duvall 1967, Bieniawski 
1968, Wagner 1974, Hustrulid 1976). These 
experimentally-derived relationships between coal 
mngth, and specimen shape and size were then 
used to develop formulas for estimating pillar 
strength in the field. A further refinement of this 
empirical technique for determining pillar strength 
was to use a statistical analysis of pillar performance 
in the field in order to enhance the parameters of the 
experimentally-determined size and shape equation 
: - or to provide a factor of safety for practical 
application of the equation (Holland 1964, Salamon 
& Munro 1967, Bieniawski 1983). The outcome of 
- 
this early work was the well-known Obert-Dwall, 
- Holland-Gaddy, Bieniawski, and Salamon-Munro 
equations for coal pillar strength. These empirical 
equations have been validated through many years of 
actual use and encapsulate considerable knowledge 
of coal pillar behavior into a simple practical form 
(Mark & Iannacchione 1992). All of these equations 
were developed for, and were calibrated with, pillars 
in a large room-and-pillar area such that the loadiig 
could be determined using the "tributary-area" 
theory. 
'As longwall mining became more prevalent, the 
classic pillar design equations (Mark & 
Iannacchione 1992) were extended to designing 
pillars for gateroads. In order to account for the 
abutment Ioads associated with I11-extraction 
mining, the empirical methods have typically 
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Figure 1. The conceptualikation of a side abutment 
load angle (after Mark, 1992). 







